Daily commuting increases level of contaminants inhaled by urban community and it is influenced by mode and time of commuting. In this study, the commuters' exposure to ambient particulate matter (PM 2.5 ) and nitrogen dioxide (NO 2 ) was assessed during three modes of travel in six different road stretches of Chennai. The mean distance of road stretches was 25 km and the exposure to the pollutants was assessed during peak hours and offpeak hours. The average travel duration was in the range of 39 to 91 min in motorbike, 83 to 140 min in car and 110 to 161 min in bus. Though there was variation on exposure to concentration in modes of transportation, the maximum exposure concentration of PM 2.5 was observed as 709 µg/m 3 in bus and the minimum exposure concentration was 29 µg/m 3 in closed car. Similarly, the maximum exposure concentration of NO 2 was observed to be 312 µg/m 3 in bus and the minimum exposure concentration was 21 µg/m 3 in car. The concentration of the elements in PM 2.5 was in the order of Si > Na > Ca > Al ≥ K > S ≥ Cd, with Si and Cd concentration as 60% and < 1% of the PM 2.5 concentration.
individual particles in the sampled air. Each single particle is illuminated by a defined laser light 1 and each scattering signal is detected at an angle of 90° by a photo diode. In accordance 2 with Mie theory, each measured pulse height is directly proportional to the particle size [14] .
3
The filter paper used for sampling is weighed, before and after and the sampling and the weight 4 difference obtained is expressed in grams. From the total weight of the particles obtained the 5 concentration of PM 2.5 in µg/m 3 is obtained using (Eq. (1)). In the above Equation, 10 6 is multiplication factor to convert the weight in (g) to (µg), and the 10 flow at which the sampler was operated was converted from (L) to (m 3 ) by a multiplication 11 factor of 10 -3 .
13
2.1.2. Nitrogen dioxide NO 2 
14
Another personal sampler (Model: SKC 107, make: India), that has a flow rate ranging from 15 1 L/min to 5 L/min, was used to collect NO 2 . The sampler was fitted with a glass impinger of 16 capacity 50 ml, using the scrubber solution of NaOH (sodium hydroxide) and Na 3 AsO 4 (sodium The elemental composition of collected PM 2.5 samples was subjected to quantitative analysis in 13 an EDAX (Energy Dispersive X-Ray Analysis). EDAX is an analytical technique used for 14 elemental analysis or chemical characterization of a sample. It is based on the investigation of a 15 sample through interactions between electromagnetic radiation and matter, analyzing X−rays 7 emitted by the matter in response to being hit with the electromagnetic radiation. The position of 1 the peak with appropriate energies gives information about the qualitative composition of sample.
2
The number of X−ray quanta is the measure for concentration of elements (peak height) [15] . The time of travel and commuting route influences the commuters' exposure to pollutants 20 [9, 18] . For a stretch to be travelled, when there is more than one route to reach the destination, the person commuting by the normal route in which majority of the vehicles are operated gets exposed to a higher pollutant concentration than the alternative route which passes through the 1 streets, but in general, the motorists were exposed to a much higher concentration, irrespective of 2 the routes they travel [19] . The time duration for travelling the same distance on the same mode 3 of transportation during peak hours and off-peak hours will be different depending upon various 4 factors such as traffic intensity and metrological conditions. Therefore the study was conducted 5 during morning-peak, evening-peak and off-peak hours on all six stretches in three modes of 6 transportation. of exhausts of other vehicles, whereas in busses the people get exposed to a significantly lesser 13 level of pollutant concentration compared to cars [20] . A study showed that the commuters in (4)).
12
The respiratory rates for different age group of people is given in the The mean exposure concentration of PM 2.5 was 251 ± 56 µg/m 3 while commuting on 2 motorbike, whereas it was 224 ± 82 µg/m 3 and 225 ± 104 µg/m 3 in car and bus respectively. The concentration of PM 2.5 and NO 2 on three modes of transportation for three different time 1 periods viz., morning-peak (MP), off-peak (OP) and evening-peak (EP) are presented (Fig. S5 ).
2
On road stretch S1, the maximum exposure concentration of PM 2.5 was observed as 417 µg/m 3 3 during the off-peak hours and minimum concentration was observed as 148 µg/m 3 during the 4 evening-peak hours. In contradictory to that, the maximum exposure concentration of NO 2 was 5 observed as 196 µg/m 3 during the evening-peak hours, whereas minimum exposure 6 concentration of 50 µg/m 3 was observed during the off-peak hours of the day. The maximum and 7 minimum concentrations were exposed while commuting on motorbike and car, respectively.
8
The maximum and minimum exposure concentration of PM 2.5 was 500 µg/m 3 and 126 9 µg/m 3 were observed, during off-peak hours and evening-peak hours respectively on stretch S2.
10
Neverthless, the maximum and minimum exposure concentration of NO 2 was 134 µg/m 3 and 58
11
µg/m 3 respectively duirng the evening-peak hours and off-peak hours of a day. Unlike S1, the 12 maximum exposure concentrations were observed while commuting on motorbike and car,
13
whereas the minimum concentrations were exposed while commuting on bus in S2. (Fig. 3 (a) and (b) ). The mean exposure to PM 2.5 /min of the time travelled, in six stretches are varied with respect to mode of transportation and also during morning and evening-peak hours of 15 a day [2, 32] .
16
The peak exposure concentration of PM 2.5 druing off-peak hour and NO 2 concentration 17 during evening-peak hour may be attributed to the fact that, since Chennai being a metropolitan 18 city, the vehicle count increases from mid-morning and keeps on increasing towards afternoon 19 and further increases towards evening hours of the day. Since dampness prevails in the 20 atmosphere, concentration of PM 2.5 and NO 2 exposed during the morning will be primarily from There was a consistent trend observed in stretches, the exposure concentration of NO 2 1 was higher during morning-peak and evening-peak and that of lowest was during off-peak of the 2 day. This could be due to increased traffic volumes that tend to occur during these time periods heats up during the day, gusts and winds increase, leading to increased diffusion of NO 2.
7
Therefore, NO 2 gets dispersed resulting in exposure to lower concentrations [34].
8
Unlike NO 2 , which is primarily from vehicle exhaust, particulate matter observed on road 9 traffic comes from other sources as well, such as tyre wear, brake-wear and vehicle induced re-10 suspension of road dust. Hence, in case of PM 2.5 , the re-entrained dust particles account more in 11 addition to vehicular emission during midday than during morning and evening-peak hours, and 12 also the speed of the vehicle and driving conditions influences the pollutants that are emitted in 13 the atmosphere [35] . The heated road surface entrains more amounts of dust particles during off-14 peak hour than when the road surface gets damped during morning-peak and evening-peak hours.
15
Studies carried out to study the dispersion of particulate matter (PM 1 , PM 2.5 and PM 10 ) in
16
Chennai showed a similar pattern of diurnal variation [14] . periods of travel is presented in (Fig. 5(a) , (b), (c)). It was found that, the concentration of Si was maximum, among all elements analyzed. Si-60.87% and Na-18.37% which is attributed to the re-entrained dust particles, road dust, concentration during the summer season has been summarized in Table 2 . From the above study, it is concluded that, in Chennai, a road commuter's mean exposure 
